ABSTRACT
INTRODUCTION
High seed production from early growth stages, as well as a strong vegetative propagation ability, is an important regeneration strategy for shrub species that experience frequent disturbance. Recently, Yoneda ( ) showed that the tropical shr ub Piper aduncum has gained a vigorous reproductive trait through effective carbon gain and nutrients acquisition as a result of its high turnover rate of leaves, and proposed a model in which species adapting to high disturbance shorten their leaf longevity by regulating the weight ratio of leaves to stalks on a twig.
The model expects hyperbolic relationships between leaf longevity and the weight ratio among species along the secondary sere of vegetation. This study aims to verify this model with several tropical shrub species suffering dif ferent frequency of human disturbance such as slashing.
In competing among shoots for light resources, fast growth to reproduction size would be a preferential trait for regeneration in unstable sites without severe water or nutrient stress. However, under a given cost investment there is a trade-off between the volume growth rate of a stem and its hardness in terms of physical strength (Yoneda, : Yoneda et al., ) . Frequent disturbance decreases the minimum shoot size at reproductive stages of the shrub species, which is thus expected to prefer higher growth rates to physical strength from the point of view of cost-performance. Based on these relationships, we try to verify stem hardness as a measure indicating the extent of adaptability of shrub species to disturbance.
Leaf longevity of shr ub species can be directly observed by long-term demographic observations. If the observed leaf longevity shows a proportional relationship with the values estimated from twig structure by the hyperbolic relation of the model satisfying the minimum maintenance cost, we can confirm that leaf longevity is gained by regulating the weight ratio of leaves to stalks under these conditions.
Based on the verification of stem hardness as a measure of adaptability to disturbance, we can then confirm whether leaf longevity decreases with increasing disturbance from observations of the correlation between leaf longevity and stem hardness. We also try to verify the applicability of the proposed model with successive changes in leaf longevity in a secondary sere according to the above three verification steps. To determine how these relationships apply to climax species in a mature forest, we compare their characteristics of leaf longevity with those of shrub species. 
MATERIALS AND METHODS

Study site and plant materials
Demographical obser vation of leaves
Analysis of twig structures
The weight ratio of leaves to stalks on a twig is a useful parameter for determining leaf longevity (Yoneda, ), while ratios of foliage to non-photosynthetic organs are also important parameters to assess the productive structure of a community ( It showed that leaf longevity (Sopt) was expressed by the following equation for a twig with a life cycle of n years:
We calculated leaf longevity of all collected twig samples by this equation, assuming that the weight ratio of leaves to stalks of a sample was equivalent to the L/I ratio and n = irrespective of species.
Relative gr owth rates of stem diameter and hardness
Dbh growth rates of non-shaded shrubs and trees in HPPB were obser ved using an aluminum band-type dendrometer at bimonthly inter vals for . years from July . The maximum dbh range was − cm (most were less than cm) in the open forest and -cm in the closed forest at the first observation in .
Obser vations were conducted using shoots from species (Table & Appendix) .
Stem hardness was assessed as the maximum power required to remove a standard sized nail from the stem (Yoneda, ). Observations were carried out in August using shoots (Table & Appendix) , and heights of these shoots were observed in October . Analysis of covariance with all data showed that stem hardness has no significant direct correlation with tree height (P = . ) but significantly influences it indirectly through its positive correlation with dbh (P < . ).
RESULTS AND DISCUSSION
In the open forest, the stem hardness of shrubs with a dbh of − cm had a negative correlation with the average relative growth rate of dbh (RGRD) during the study period of . years (Fig ) . These findings suggest that stem hardness could be used as a measure to assess the extent of species adaptability to vegetation disturbance.
The trade-off relationship between volume growth 
Fig. 2. A l l o m e t r i c r e l a t i o n s h i p b e t w e e n t h e
Leaf longevity and stem hardness
Demographic obser vations of shrubs in the open site revealed a leaf longevity of . to . years (Appendix).
The lowest value was obser ved for the small scr ub
Melastoma malabathricum followed by many typical pioneer shrubs such as Ficus, Trema, Macaranga and Mallotus. Species with higher stem hardness tended to have longer leaf longevity (P < . ; Table ) .
In the open forest, the optimum leaf longevity, Sopt, Sopt values of species in the open forest had a positive correlation with stem hardness (P < . ; Table ) . As with the results from the demographic obser vations, these findings show that shr ubs with higher stem hardness tend to have longer leaf longevity.
The strong positive correlation between the Sopt values and observed leaf longevity shows the applicability of the model in Eq. ( ) to these shrubs (Table ) . A similar positive correlation between the Sopt values 
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